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LUMINESCENT CHARACTERISTICS OF
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Summary

The absorption and fluorescence characteristics of benzoxazolinone,
N-methylbenzoxazolinone, 2-ethoxybenzoxazole and 5-chlorobenzoxazol-
inone have been recorded in different solvents and at various acid concen-
trations. Using the Pople—Pariser—Parr and complete neglect of double over-
lap integral/spectroscopy-Cl semi-empirical methods, the excited states of
the keto and enol forms and their various prototropic species have been
-analysed. The above studies have clearly established that the lowest energy
transition is of w = 7* in character and the keto form is present in all
solvents. Both the band systems arise from the benzene ring and are per-
turbed by the >NH and —O—C groups, ortho to each other. The mono-
cation is formed by protonation of the carbonyl group and the monoanion
is formed by deprotonation of the enolic proton. The lowest energy transi-
tion is charge transfer in character for the monocation and of 7 = 7* for the
monoanion.

1. Introduction

Whenever a labile hydrogen atom is present at ortho or para position
to the carbonyl group, there is keto-enol tautomerism [1]. Stability of the
respective tautomer depends upon the nature of the compound, and on the
nature of the environment. For example, 2-hydroxybenzimidazole [2],
mainly exists as 2-(3H)-benzimidazolone in all the solvents. Even alkylation
and arylation leads to N-substituted derivatives rather than to O-substituted
ones [3]. However, protonation and deprotonation lead to the structural
organization and the respective ions have benzimidazole structure [2]. In
addition, 3-hydroxyindazole exists in the enol form in nonpolar solvents
and in the keto form (8-indazolinone) in polar solvents [4]. In polar sol-
vents, the fluorescence is observed from both forms. Behaviour of the proto-
tropic species of 3-hydroxyindazole conform to the indazole structure.

A preliminary study by Morales et al. [5] has indicated that 2-hydroxy-
benzoxazole (B—OH) exists mainly in the keto form as 2-benzoxazolinone
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(Bn), both in the ground and first excited singlet states and in different
solvents. The aims of the present study on this molecule are as follows:
(i) to investigate the spectral characteristics and the structure of the dif-
ferent prototropic species; (ii) to observe the effect of the chlorine atom on
the spectral aspects of the various species of Bn; (iii) to determine the pK,
values of these prototropic reactions in S, and S, states. Semi-empirical
calculations (both PPP and CNDO/S) have been carried out to establish the
nature of transitions, oscillator strengths and structural aspects of the vari-
ous prototropic species of Bn. A similar study was carried out on N-methyl-
benzoxazolinone (NMBn) and 2-ethoxybenzoxazole (EBO) to substantiate
the above results.

2. Experimental details

Bn and 5-chlorobenzoxazolinone (CBn) were procured from Aldrich
Chemical Company. NMBn [6] and EBO [7] were prepared as suggested
in the literature. The compounds were purified by repeated recrystalliza-
tion and the purity was checked by TLC, melting or boiling points and by
recording the fluorescence excitation spectrum (which matches with the
corresponding absorption spectrum). Solvent purification and experimental
methods were as already reported in earlier papers [8 - 10]. The concen-
tration of the solutions was approximately 10~ % M.

3. Results and discussion

The absorption and fluorescence spectra of Bn, CBn, NMBn and EBO
were recorded in five different solvents and in the acidic/basic range from H,
—10 to H_ 16. The relevant data are compiled in Table 1. The spectral data
of Bn match well with data reported by Morales et al. [5].

Theoretical as well as spectroscopic data have already established for ben-
zoxazole (BO) that the long wavelength band (long axis polarized) is localized
on the benzene ring and the short wavelength (short axis polarized) band is
on the oxazole ring [11 - 14]. The Bn molecule can have two forms: enol
(II1) and keto (III'). For the enol form, the short wavelength band (231 nm)
would have been more perturbed and red shifted than the long wavelength
(276 nm) band. Our data show the opposite behaviour (i.e. red shift in the
276 nm band and blue shift in the 231 nm band) and thus it can be con-
cluded that the Bn molecule exists in the keto form, agreeing with the earlier
results [5]. Results of EBO show that the absorption spectrum of BO is not
affected by the presence of the ethoxy group at position 2, indicating that
the inductive effect of the ethoxy group is more predominant than the
resonance effect [16]. Similar results have been observed earlier [5]. The keto
form of Bn can be approximated to two parts: one a benzene molecule with
amino (> NH) and ether (—O—C) groups at ortho positions, and the second a
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g> C=0 molecule joined to the benzene ring. The effect of these substit-
uents on 257 nm and 200 nm bands, originating from the benzene ring, can
be calculated using relations given by Stevenson [17]. These absorption
maxima should be at about 280 nm and 233 nm, which agree well with the
experimental results. The results of NMBn further substantiate this conclu-
sion as the >NCHj; group is more electron-donating than the —NH, group,
and both the band systems are red shifted. The absorption spectrum of CBn
is consistent with the above explanation, as the chlorine atom is present on
the benzene ring and will thus perturb the transitions originating predomi-
nantly from the benzene ring. The short wavelength band system could also
be due to the n — 7* transition of the carbonyl group which has a similar
location to that in the carbony! group, perturbed by amino and ether groups.
However, this band system could have occurred at about 210 nm with a
much lower extinction coefficient [18]. This indicates that the Bn molecule
exists as the keto form and both the band systems are localized on the
benzene ring.

The effect of solvents on the absorption spectrum is consistent with the
above mentioned arguments i.e. hydrogen bonding may be occurring at the
lone pair of >N—H group causing a blue shift. Although no change is
observed in the fluorescence band maximum, the decrease in the fluores-
cence quantum yield can be associated with the interaction of hydrogen
bonding solvents with the solute.

The species formed at high base (pH = 9) and high acid concentrations
(Hy < —2) are the monoanion and the monocation of Bn and CBn respec-
tively. Behaviour of NMBn is similar to that of Bn in the Hy/pH range of
—10 to 9, but are hydrolysed at pH > 9, whereas EBO decomposes in highly
acidic and basic conditions. Both these ionic species are nonfluorescent at
room temperature. The pK, values in the ground state were determined using
absorption spectral data and pK,* values by fluorimetric titrations. The
Forster cycle method cannot be used because either the species are non-
fluorescent or some structural changes take place.

The spectral data (a small red shift in the 277 nm and a large red shift
in the 231 nm bands of BO) as well as the pK, value (9.2) for the neutral-
monoanion equilibrium indicate that Bn(IIl') transforms first to the enol
form (III) and is then deprotonated. This is further confirmed by the appear-
ance of a 238 nm band of BO, which is absent in the keto form of Bn. The
low pK, value (8.7) for the similar equilibrium of CBn indicates that the
inductive effect of the chlorine atom is more predominant than the reso-
nance effect. This result is different from the deprotonation of benzimid-
azolone [2], but similar to that of indazolinone [4]}. However, monocation
is formed by the protonation of the keto group (III'). Had the molecule
been in the enol form (III), the pK, for the monocation—neutral equilibrium
would have been slightly greater than that of BO [19] (—0.1) because of the
presence of an electron-donating hydroxyl group. Our results indicate that
the pK, value for this equilibrium (—4.7) is closer to that of the protonation
reaction of the keto group [20]. Furthermore, reorganization of the charges
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TABLE 2

Dissociation constants of the various prototropic reactions of Bn, CBn and NMBn in the
ground and first excited singlet states

Molecule Monocation—neutral Neutral-monoanion
pK, pK,* pK, pK,*
Bn —4.7 —1.8 9.2 -
CBn ~—5.0 — 8.7 —
NMBn —5.0 —2.1 — —

in (II) to form (I) cannot be ascertained from our results. Though the pK,
value for the similar reaction of CBn cannot be determined accurately (be-
cause of very small spectral changes occurring in the formation of the mono-
cation), it is nearly equal to —4.7 and thus a similar explanation can be
offered as given for the monocation—neutral equilibrium of Bn. As with the
prototropic reactions of benzimidazolinone, both the ionic species of Bn and
CBn are non-fluorescent. The data in Table 2 are consistent with the fact
that the carbonyl group becomes more basic in the S, state and also confirm
that w — 7* is the lowest energy transition. However, the neutral-mono-
anion equilibrium is not established in S, state, indicating that the rates of
radiative transitions are greater than the rates of deprotonation/protonation
reactions. Non-fluorescent monoanions and ground state pK, values are also
observed from the fluorimetric titration of phenols [21]. The prototropic
behaviour of NMBn is similar to that of Bn in the acidic range and can be
explained along the same lines. The various prototropic reactions of Bn are
depicted in Scheme 1.
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3.1. Quantum-mechanical calculations

Both PPP and CNDO/S-CI computational methods [22 - 28] were used
to study the ground and excited state structures of the molecules in different
prototropic forms. In CNDO/S-CI, the first 40 monoexcited configurations
were taken into account in the CI procedure. The experimental parameters
were those of Del-Ben and Jaffe [24] and the molecular structure was con-
sidered planar with standard geometrical parameters (Fig. 1).

PPP calculations were carried out only on the keto and enol forms of
the neutral species (Table 3) because the parameters for the monocation and
monoanion were not available, whereas CNDOQO/S calculations have been
performed for all three species (monocation, neutral and monoanion}, both
in their keto and enol forms. The experimental and calculated transition
wavelengths of different prototropic species of Bn, together with their
oscillator strengths and the direction of the transition moment, are compiled
in Table 4. The results obtained for the keto form agree with those of
Morales et al. [5], as well as with the experimental values, with the difference
in the values of the dipole moment in the Sy and S, states. Although it is
difficult to predict from PPP data whether the keto form is more favourable,
the data in Table 4 show that the Bn molecule cannot exist in the enol form
because the agreement with the experimental results is not good. Further-
more, the hydroxyl group is an electron-donating group and presumably the
direction of the transition moment should be away from this group. The
data in Table 4 show that for the enol form the direction of the transition
moment for the first three transitions is towards the hydroxyl group, where-
as for the fourth one it is at 80° to the z-axis. However, for the keto form
both of the transition moments are polarized towards the benzene ring.

The confributions of the various molecular orbitals involved in the
longest wavelength singlet transitions and their localizations at various
atomic centres are listed in Table 5. It can be seen that (although not all of
the homos are rigorously localized on the benzene ring) most of the homos
are localized on the benzene ring. For the keto form lumo, involved in both
of the transitions, is localized mainly on the benzene ring, but this is not
true for the enol form. This confirms the earlier conclusion that the long
wavelength band originates from the benzene ring and also that Bn exists in
the keto form. In the case of the monocation, the lumo is localized on the
oxazole ring indicating that charge migration takes place from the benzene
ring to the heterocyclic ring. The driving force behind this charge migration
is the presence of a positive charge on the heterocyclic ring, agreeing with
the earlier observation that the lowest energy transition in the monocation
of benzoxazole is a charge transfer. Based on earlier results, the monoanion
is in the enol form and lumo is localized on the benzene ring. The presence
of a negative charge could hinder the flow of charge from the homo to the
heteronuclear system.

The electron densities at different basic centres for the ground and first
excited singlet states for different prototropic species of the keto and enol
form of Bn are compiled in Table 6. The data in Table 6 indicate that in
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TABLE 6

Electron densities at various centres of Bn and its prototropic forms in the ground and
first excited states

Species Atomic Keto form Enol form
centre
Ground Excited Ground Excited
Neutral 01 6.138 5.805 6.092 6.055
N3 5.153 5.308 5.220 5.333
010 6.390 6.468 6.192 5.783
Monocation o1 6.046 6.007 6.013 6.073
N3 5.045 5.000 5.006 5.106
010 6.034 6.057 6.123 6.097
Monoanion 01 6.156 6.162 6.140 6.144
N3 5.403 5.734 5.419 5.681
010 6.485 6.598 6.645 6.997

both the keto and enol forms the charge density at the tertiary nitrogen
atom increases in the S, state, whereas it increases at the oxygen atom of
the keto group and decreases at the oxygen centre of the enol form. These
results are consistent with experimental findings that the tertiary nitrogen
atom and carbonyl group become more basic, whereas the hydroxyl group is
more acidic on excitation.

Charge density calculations on the monocation or the monoanion do
not shed any light on the structure of the species. For example for the
monocation formed by the protonation of the keto group, the charge
density will decrease on the tertiary nitrogen atom because the presence of
a positive charge on the carbonyl group withdraws the charge from nearby
atoms; also, it becomes more basic on excitation. A similar explanation can
be given for the monocation of the enol form.

4, Conclusions

The following conclusions can be drawn from this study. (i) Bn exists
as the keto form both in the S, and S, states in all the solvents, and methyla-
tion takes place at >N rather than at —O. (ii) Both the band systems origi-
nate from the benzene ring and are perturbed by the presence of >NH and
—O—C groups ortho to each other. (iii) Protonation takes place at the
carbonyl oxygen and deprotonation from the enolic proton. (iv) The mono-
cation and monoanion are non-fluorescent at room temperature. (v) The
above assignments of transitions in the various prototropic forms are con-
firmed by the semi-empirical PPP and CNDO/S-CI calculations.
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